Aim: The present study aimed to assess the interrater reliability and construct the validity of a novel, convenient informant-based Alzheimer's disease assessment scale to prepare its final version.
Introduction
A recent survey showed that there are >4 million older individuals with dementia in Japan, which accounts for approximately 15% of the total population, and close to 4 million older persons have mild cognitive impairment.
1 To assess the severity or treatment effect of dementia, the Mini-Mental State Examination scale 2 or revised version of Hasegawa's Dementia Scale 3, 4 are widely used in Japan. However, these scales are limited to the assessment of cognitive function. Although other scales for assessing behavioral and psychological symptoms of dementia (BPSD) and activities of daily living (ADL) are important, special training for examiners is required to use certain instruments for assessing these symptoms (e.g. Neuropsychiatric Inventory 5 or Disability Assessment for Dementia) 6 and there is no scale that can conveniently and comprehensively assess all symptoms. 7 In Germany, a comprehensive evaluation scale was developed, named the Relevant Outcome Scale for Alzheimer's Disease (ROSA); it is a 16-item, 21-point scale that can evaluate cognitive function, ADL, BPSD, communication skills and quality of life. It requires approximately 15 min for completion. 8, 9 However, the to assess the interrater reliability and construct validity of this scale to prepare its final version.
Methods

Goal and requirements of this scale
We first defined the ultimate goals of this scale, including high reliability, validity and sensitivity, as below:
To assess comprehensive AD function (i.e. not only cognitive function, but also BPSD and ADL).
To assess regardless of disease severity.
To assess conveniently in a short time.
To be used not only by specialist physicians, but also by nonspecialists or healthcare workers.
To assess without requiring specialized training in its use.
To achieve these goals, we designated the following requirements for the scale.
1. The scale must have <15 items. The score of each item is indicated on a 9-point rating scale (from 1 to 9 [1 = severest to 9 = mildest]). Furthermore, an illustration should be attached to the anchor point of each item (score 1, 3, 5, 7, 9), representing item severity. 2. We must carry out a quantitative assessment of reliability, validity and sensitivity using statistical methods, such as factor analysis or item response characteristics, which are usually employed for the validation of educational or psychological tests.
We planned to develop this scale using the following three steps.
Step 1: Establishment of the first draft of this scale (scale draft 1).
Step 2: Establishment of the final draft.
Step 3: Verification of reliability, validity and sensitivity of the final draft.
Study participants
Participants were outpatients who had been examined at 41 clinics and hospitals across Japan. They were those clinically diagnosed with AD based on the diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders Fourth Edition Text Revision, 10 National Institute on Aging-Alzheimer's Association workgroup, 11 or National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association. 12 As non-randomized controls, patients with cognitive concerns without dementia (mild cognitive impairment equivalent) were also enrolled. All participants and/or their legal representatives, as well as all the study informants, gave written informed consent. Individuals were excluded if they had other types of dementia (e.g. vascular dementia, Lewy body dementia, frontotemporal dementia). Specialists in neuropsychiatry, neurology, geriatrics and dementia judged the severity of individuals' AD based on a clinical decision. Unique identifier: NCT02267486 (https:// clinicaltrials.gov/ct2/show/NCT02267486).
Establishment of the prototype of the ADL, BPSD and cognitive function Dementia Scale
The ADL, BPSD and cognitive function (ABC) Dementia Scale (ABC-DS; The Japanese version of the ABC-DS can be obtained from https://ctportal.tri-kobe.org/studies/ququ/scale.html; a PDF version of the ABC-DS in English, French, Chinese, or Korean can be downloaded from the Mapi Research Trust at: http://mapitrust.org/our-resources/questionnaires-distributed-by-the-mapiresearch-trust/) is similar to the ROSA in that it comprehensively assesses cognitive function, ADL and BPSD; hence, the items were newly created with reference to the end-points of the ROSA. However, as several items of the ROSA were not suitable for the Japanese population, they were not incorporated in this scale. Finally, after adding several novel items to the ROSA, we determined the draft 1 scale, which comprised 17 items. We used the design of a behavioral observation scale through which the rater interviewed study informants (e.g. family caregiver) and assessed participants.
In the preceding study where a total of 543 participants were assessed using the draft 1 scale (Tables 1, S1 ), we identified a ceiling effect and inappropriate characteristics of the item characteristic curves for two items ("Delusions about being in the wrong home" and "Circadian rhythm"). After discussion of these results by the committee of specialists, we deleted these two items from the draft 1 scale, and the wording of the anchor points was revised for all items to produce the draft 2 scale, which comprised 15 items (Table 1) .
Assessment procedure and raters
In the present study, eligible participants were assessed using the draft 2 scale. For the assessment, site investigators, co-medicals and, if available, medical staff other than doctors or co-medicals interviewed study informants to assess participants.
Statistical analysis
We analyzed the scale's interrater reliability and construct validity (using factor analysis and item response characteristics), as described below. Interrater reliability analyses were carried out using SAS version 9.3 (SAS Institute, Cary, NC, USA). For factor analysis and item response characteristics, R version 3.1.0 (10 April 2014; available as a free download from http://www.r-project.org) was used.
Interrater reliability
The extent of similarity between the "assessment by physicians and co-medicals (nurse, public health nurses, clinical psychologists and care workers)" and "assessment by individuals other than physicians and co-medicals (other than the aforementioned qualified personnel)" for the scores of each item in this scale were assessed using the weighted κ coefficient and its 95% confidence interval. We focused on whether the lower limit of the 95% confidence interval of the weighted κ coefficient exceeded 0.4. The classification of level of similarity was expressed using the Altman classification. 13 
Construct validity: Factor analysis
Using an oblique rotation (promax rotation) to recognize the correlations between domains, three or four domains were assessed to determine the number of domains necessary to explain the data appropriately. The factor loadings and cumulative contribution ratio of each model were listed. Furthermore, we interpreted the medical meaning of each domain and named it.
In this situation, although an eigenvalue of ≥1 and a cumulative contribution ratio of ≥70% was initially used as the reference standard, the overall domain number and constituent items were determined by taking into consideration the extent of the increase in the cumulative contribution ratio, the number of items forming each domain and the medical interpretation of that domain.
Construct validity: Item response characteristics
For the assessment of item response characteristics, we assessed item characteristic curves, item information curves and test characteristic curves. The item characteristic curve of each item was graphed using the graded response model, calculated discrimination parameter, parameters of difficulty and amount of item After confirming that the discrimination parameter was ≥0.2 and that the absolute value of difficulty was <5 (within the 99% + confidence interval of capability), the appropriateness of the characteristic of each item was considered.
However, due to the limitation of the statistical software, we first integrated the original 9-point scale into a five-level scale for analysis, as follows: "scores 1 and 2," "scores 3 and 4," "score 5," "scores 6 and 7," and "scores 8 and 9" were summarized into levels 1, 2, 3, 4 and 5, respectively.
In addition, it was confirmed that there was no contradiction in the order of the item characteristic curves (probability distribution curves), and that there was a relatively sufficient amount of item information.
For each participant, a test characteristic curve that plotted the raw data point total for each domain on the vertical axis, and the capability of dementia levels (model-based estimates) θ on the horizontal axis was drawn. Furthermore, a smooth regression curve was shown to indicate the change in the average scores.
Ethics
The study was carried out in accordance with the Declaration of Helsinki, following approval from the ethics committee in each institution. This research was also carried out in line with the Japanese Ministry of Health, Labor and Welfare's "Ethical Guidelines for Medical Research Involving Human Subjects."
Results
Assessments of the draft 2 scale (15 items)
Participant characteristics and average score of each item
In the present study, 427 eligible participants (88 with severe AD, 133 with moderate AD, 129 with mild AD and 77 with mild cognitive impairment equivalent; Table S2 ) were registered. The number of male and female participants were 164 (38.4%) and 263 (61.6%), respectively. The average age was 80.8 years (males 79.7 years and females 81.4 years). How is the patient when he or she needs to hold medication in an appropriate place and take it? q17 Q15 Q15 C Caregiving burden How is the patient when you supervise him/her? † The expert committee discussed the similarity of item Q4 "Complicated activity (remote control operation)" and Q5 "Complicated activity (phone (c) 2014 ABC Dementia Scale Study Group Steering Committee and Working Group operation)" because of the recent development of cellular phones. Therefore, the expert committee integrated Q5 and Q4 in the modified draft 2 to create Draft 3.
‡ A ceiling effect and problems with the interrater reliability were identified in item Q10. Therefore, the expert committee deleted Q10 from draft 2 to create the modified draft 2. A, activity of daily living domain; B, behavioral and psychological symptoms of dementia-related domain; C, cognitive function-related domain.
When examining the average, maximum and minimum score of each item, the average value was >8 points at all severity levels of dementia, and a ceiling effect was identified in the item "Delusion of theft(Q10)" even after revising the wording of the anchor point (Table 2) .
Interrater reliability
On the same day, the physician, co-medicals and, if available, staff other than co-medicals interviewed the same study informant (most of whom were family caregivers). We examined the interrater reliability of ratings of "physician vs co-medical" and "physician vs non-co-medical" by using the weighted κ coefficient and 95% confidence intervals.
The lower limits of the 95% confidence interval for the weighted κ coefficient of "Q10: "Delusion of theft" were 0.57 and 0.31 for "physician vs co-medical" and "physician vs non-co-medical," respectively, implying that there was not a sufficient interrater reliability (Table 3) . In other items, the lower limit of the confidence interval was not <0.4, fulfilling the standard defined earlier.
As mentioned above, a ceiling effect and problems in the interrater reliability were identified in item Q10. Therefore, for the analysis of the construct validity, we used the draft 2 scale from which item Q10 was deleted (so that it contained just 14 items).
Construct validity of the modified draft 2 scale (14 items)
Factor analysis
As a result of a factor analysis, the 14 items fell into three domains: seven items fell into domain 1, four items into domain 2 and three items into domain 3. Based on their content, domains 1, 2 and 3 were named the ADL-related, cognitive function-related and BPSD-related domains, respectively ( Table 4) .
The average factor loadings (corresponding to the correlation coefficient) for ADL-related, cognitive function-related and BPSD-related domains were 0.754, 0.637 and 0.573, respectively. This showed that the items in each domain appropriately reflected the construct of the specific domain.
In contrast, in the four-domain model, none of the items loaded onto domain 4 substantially (Table 4) . Therefore, we decided this model was redundant. Furthermore, the cumulative contribution ratio of the three-and four-domain models were 0.540 and 0.550, respectively, showing that the addition of one more domain did not lead to an improvement in the explained variance.
Item response characteristics
First, we obtained an overview of the difficulty parameters of the 14 items. The difficulty parameters must be included within the Q1  Q2  Q3  Q4  Q5  Q6  Q7  Q8  Q9  Q10 Q11 Q12 Q13 Q14 Q15 Severe AD Max. Although the difficulty level 1 parameter (level 1: choice rate distribution parameter for 1 point and 2 points on the 9-point scale) of "Q8: Restlessness" was −4.25, we decided that it is not a problem, because it is not a large deviation from the standard −4 ( Table 5) . We then took an overview of the discrimination parameter. The discrimination parameter of Q1 "Daily activity" was the highest at 4.04, suggesting that this item most readily reflects changes in the level of dementia based on the response. In contrast, the discrimination parameters of Q8 "Restlessness" and Q11 "Cooperativeness" were low, at 1.14 and 1.40, respectively, suggesting that these items do not easily reflect changes in the dementia level.
Revision of the draft 2 scale
As mentioned above, a ceiling effect and problems in the interrater reliability were identified in item Q10. In addition, the expert committee discussed the similarity of items Q4 "Complicated activity (remote control operation)" and Q5 "Complicated activity (phone operation)" because of the technical advances in cellular phones in recent years. Therefore, we re-analyzed and confirmed the draft 3 scale (13 items) after deleting Q5 and Q10 from the modified draft 2; it showed almost the same level of performance as the former version of this scale. The draft 3 scale was determined as the final version of this scale (Tables S3, S4 ).
Discussion
For several items, the item response characteristics were not appropriate, forcing us to revise the anchor points or delete the items. In addition, as the BPSD-related domain becomes "inactive" when patients suffer severe AD, there is a possibility that the score in this domain will increase. Therefore, we carefully revised the anchor points of this domain. After the revision, when the difficulty parameters matched the confidence interval of the capability value and the selection of the items was adequate, we considered it reasonable, even if the item response characteristics were not good. Therefore, in the revision of the draft 2 scale, we recommended the selection of three items from the BPSD-related domain from among those with good item response characteristics.
For domain 1, the "ADL-related domain," the use of the Disability Assessment for Dementia 6 (an ADL evaluation scale)
seems to be suitable for assessing concurrent validity, whereas the Mini-Mental State Examination 2 and Neuropsychiatric 
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